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This work aims to investigate some possible emergence of relativistic compact stellar objects
in modified f(G) gravity using Noether symmetry approach. For this purpose, we assume static
spherically symmetric spacetime in the presence of isotropic matter distribution. We construct
Noether symmetry generators along with associated conserved quantities by considering the
standard choice of viable f(G) gravity model i.e. f(G) = αGn, where α is the model parameter.
In particular, we use conservation relation acquired from the classical Noether approach by
imposing some appropriate initial conditions to construct the metric potentials. The obtained
conserved quantity play vital role in describing the stellar structure of compact stars. Moreover, by
considering an appropriate numerical solution, some salient features of compact stellar structures
like effective energy density, pressure, energy conditions, stability against equilibrium of the forces
and speed of sound are discussed by assigning the suitable values of model parameter involved. Our
study reveals that the compact objects in f(G) gravity from Noether symmetry approach depend
on the conserved quantity obtained and the model parameter α. In nutshell, Noether symmetries
are quite helpful to generate solutions that follow physically accepted phenomena. Moreover, we
observed that these obtained solutions are consistent with the astrophysical observational data,
which depicts the viability of our proposed Noether symmetric scheme.
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I. INTRODUCTION
Noether symmetry approach is considered to be viable mathematical tool, which explores the exact solutions as well
as evaluates the corresponding integral of motion known as conserved quantities relative to the symmetry generator.
This approach plays a pivotal role to reduce a nonlinear system of equations into a linear system of equations. A lot
of interesting work has been done by many researchers in recent decades, for more detail (see [1]-[7]). Furthermore,
this approach provides a proficient method to calculate the conserved quantities [8]. The conservation laws play
significant role in examining the different physical phenomenon. These conservation laws are the specific cases of
the renowned Noether’s theorem, which depicts the relation between the symmetries and the conserved quantities.
Noether’s theorem demonstrates that “every differentiable symmetry of a physical system under the action corresponds
to some conservation law”. In particular, this theorem provides the information regarding the conservation laws in
theory of general relativity (GR). In addition to this, conservation laws of linear and angular momentum can be
complectly described by the rotational and translational symmetries with the help of Noether’s theorem [9].
Among different gravitational theories, the theory which has attained eminence in the last few years is modified
Gauss-Bonnet gravity also known as f(G) gravity [10]-[12]. Here, f(G) is a generic function of the Gauss-Bonnet
invariant term. The shortcomings related to f(R) theory of gravity in the frame of large expansion of universe were
resolved by the additional factor of the Gauss-Bonnet invariant term. The Gauss-Bonnet term has great importance,
as it supports in regularizing the gravitational action and may be helpful to avoid the ghost contributions [13].
Moreover, this modified theory is considered to be an extensive tool to reveal the enigmatic nature of universe, which
is the actual reason of late-time acceleration expansion of universe. In addition, this modified f(G) gravity yields a
valuable platform to investigate the behavior of future time singularities [14, 15]. For the study of late-time cosmic
acceleration as well as the finite time future singularities, the modified f(G) theory is considered to be very helpful
[16, 17]. Uddin et al. [18] studied the generalized Gauss-Bonnet gravity theories that leads to such solutions where the
universe is governed by a barotropic perfect fluid. They argued that f(G) theory of gravity may be interpreted as an
effective ‘scalar-tensor’ theory. Further, it was shown by employing an equivalence between the Gauss-Bonnet action
and a scalar-tensor theory of gravity that the cosmological field equations could be written as a plane autonomous
system.
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2The Noether symmetry approach has been widely used in modified theories of gravity, which yield some significant
solutions for the cosmological systems. The energy contents of stringy black hole solutions in the presence of charge
were explored by Sharif and Waheed [19] with the help of Noether symmetry approach. Kucukakca [20] found the exact
solutions of Bianchi type-I model by using Noether symmetries method. In [21], Noether symmetry approach was used
to find the exact solution of Friedmann-Robertson-Walker (FRW) spacetime in the frame of f(R) theory of gravity.
Bahamonde et al. [22] considered Noether symmetry approach, to find a class of new exact solutions of the spherically
symmetric spacetime. Moreover by assuming the Noether symmetries method, the exact solutions of the field equations
were constructed by Shamir and Ahmad [23, 24] in the context of f(G, T ) gravity. Noether symmetry approach has
been taken into account by Sharif and Fatima [25] to examine the cosmic evolution as well as cosmic expansion.
Laurentis [26] adopted Noether symmetry approach to construct the spherically symmetric solutions in f(R) gravity.
Bahamonde and his collaborators [27] used Noether symmetries as a selection criterion to investigate some f(R,G)
gravity models that are invariant under point transformations in a spherically symmetric background. In total, they
found ten different functions that represent symmetries and calculated their invariant quantities. Exact solutions
in modified teleparallel gravity for the cases of spherically and cylindrically symmetric tetrads have been discussed
using Noether symmetries of point-like Lagrangians defined in Jordan and Einstein frames [28]. In a recent paper
[29], a class of modified f(R) theories of gravity has been studied in detail using Noether symmetry approach and is
concluded that different scenarios of cosmic evolution can be discussed using by Noether symmetries and one of the
case indicates the chances for the existence of Big Rip singularity. Moreover, the scalar field involved in the modified
gravity plays a vital role in the cosmic evolution and an accelerated expansion phase can be observed for some suitable
choices of scalar modified gravity models.
The phenomenon of self-gravitation and its consequences have great impact in the field of novel astrophysical
research and cosmological background. In the result of this gravitational collapse, some new stellar remnants known
as compact stars are produced. These compact stars are considered to be very dense as they possess large masses but
volumetrically small radii. In relativistic astrophysics, compact stars have drawn the attention of the researcher due
to their captivating characteristics and relativistic structures. These compact stars can be well explained by GR as
well as the modified theories of gravity [30]-[32]. Abbas et al. [33] found the equilibrium condition for compact stars,
further they also examined their physical characteristics in the context of modified f(G) gravity. The role of modified
theories of gravity is very eminent while studying and examining the structure of compact stellar objects and matter
at high densities [34]-[39].
Interesting discussions in above paragraphs motivate us to construct Noether symmetry generators and associated
conserved quantities of spherically symmetric spacetime by assuming the viable f(G) gravity model i.e. f(G) = αGn
[12], in the context of isotropic matter distribution. To our best of knowledge, this is the first effort to use conservation
relation obtained from the classical Noether approach, by imposing some specific initial conditions to develop the
expression for the metric potentials in the context of f(G) gravity to discuss compact stellar structures. The layout
of this paper is as follows: In section II, we present the mathematical formulation of f(G) gravity in the context of
isotropic matter distributions. Section III is devoted to construct a symmetry reduced Lagrangian, further a brief
review of Noether symmetry approach is also presented in the same section. Section IV, is based on finding the
expression for the metric potentials by making use of conservational relation with some appropriate initial conditions.
Section V is devoted to scrutinize some physical attributes of compact stellar structure and also for checking viability
of model via graphical analysis. Last section is based on the conclusive remarks.
II. SOME BASICS OF f(G) GRAVITY
We consider the most general action for modified f(G) gravity defined as [10]
S =
∫
d4x
√−g
[
R
2κ2
+ f(G) + Lm
]
, (1)
where Lm is the matter Lagrangian, R is the Ricci scalar, κ2 = 8piG represents the coupling constant term which we
consider as unity henceforth and f(G) being an arbitrary function of Gauss-Bonnet invariant term expressed as
G = R2 − 4RµνRµν +RµνσρRµνσρ, (2)
here Rµν and Rµνρσ indicate the Ricci and Riemann tensors, respectively. The following modified field equations are
obtained by varying the action (1) with respect to metric tensor gµν
Gµν + 8
[Rµρνσ +Rρνgσµ −Rρσgνµ −Rµνgσρ +Rµσgνρ + R
2
(gµνgσρ − gµσgνρ)
]∇ρ∇σfG + (GfG − f)gµν = κ2Tµν .
(3)
3In the above equation, subscript G in fG represents the derivative with respect to G. Another alternative form of
modified field equations (3), familiar with GR can be written as
Gµν = κ
2T effµν , (4)
the effective stress-energy tensor T effµν is given by
T effµν = Tµν −
8
κ2
[Rµρνσ +Rρνgσµ −Rρσgνµ −Rµνgσρ +Rµσgνρ + R
2
(gµνgσρ − gµσgνρ)
]∇ρ∇σfG − (GfG − f)gµν .(5)
Further, to investigate and examine the nature of compact stars, we choose a static spherically symmetric spacetime
[40].
ds2 = eν(r)dt2 − eλ(r)dr2 − r2(dθ2 + sin2 θdφ2). (6)
The source of matter configuration assumed in this present study is isotropic in nature and can be expressed by the
following energy momentum tensor
Tµν = (ρ+ p)uµuν − pgµν , (7)
where uµ and uν are the radial-four vectors and four velocity vectors, respectively. Using equations (5) and (6), we
obtain the following set of field equations for the isotropic stellar system as
ρeff = ρ− 8e−2λ(fGGGG′2 + fGGG′′)(e
λ − 1
r2
) + 4e−2λλ′G′fGG(e
λ − 3
r2
)− (GfG − f), (8)
peff = p− 4e−2λν′G′fGG(e
λ − 3
r2
) + (GfG − f). (9)
Here ρ, p are usual energy density and pressure respectively. The system of equations have four unknown functions
namely, ρ, p, λ, ν. For the above equations of motion, the expressions for ρeff and peff are equal to the corresponding
components of the Einstein tensor.
Theorem: Given a solution of Eqs. (8) and (9), defined by the functions W1 =
{
ν(r), λ(r), f(G)}, if we
have a solution in GR defined by W2 =
{
ν(r), λ(r)
}
, then all the physical attributes are identical for W1 and W2
since T effµν in (4) plays the role of stress-energy tensor in GR [41].
The Eqs. (8) and (9) are very much intricate and non-linear because of the involved variable function f(G).
III. POINT-LIKE LAGRANGIAN IN f(G) GRAVITY AND NOETHER SYMMETRY APPROACH
The physical properties of a dynamical system can be analyzed by the construction of associated La-
grangian which clearly illustrates the possible existence of symmetries and energy content. So, in this situation
Noether symmetry approach yields fascinating way to develop the new cosmological models and geometries in mod-
ified theories of gravity. Noether’s theorem states that every differentiable symmetry of the action of a physical
system corresponds to some conservation law. In this section, we construct the point-like Lagrangian for the static
spherically symmetric metric in the framework of modified f(G) gravity. By using the Noether symmetry approach,
we compute the determining equations of the system. The existence of this approach assures the uniqueness of the
vector field in the associated tangent space. In this way, the vector field acts like symmetry generator which further
yields the conserved quantities of the dynamical system. We express canonical form of action (1) in such manner that
the degrees of freedom are reduced.
S =
∫
drL(qi, q′i) =
∫
drL(ν, ν′, λ, λ′,G,G′). (10)
We consider the Lagrange multiplier technique by taking G as a dynamical constraint. By selecting the appropriate
Lagrange multiplier and integrating by parts, we eliminate the second order derivatives in such a way that Lagrangian
becomes canonical. Thus the action (1) takes the form
S =
∫
dr
√−g
[
f − γ(G − G¯)
]
, (11)
4where
√−g = e ν+λ2 r2 sin θ and G = 2e−λ
r2
(ν′λ′ + ν′
2
e−λ − 3ν′λ′e−λ − 2ν′′ − ν′2 + 2ν′′e−λ). The term γ = fG is called
Lagrange multiplier and is obtained by varying the above action with respect to G. Hence we can re-write the action
(11) as follows
S =
∫
dr
√−g
[
f − fG
(
G − 2e
−λ
r2
{
ν′λ′ + ν′
2
e−λ − 3ν′λ′e−λ − 2ν′′ − ν′2 + 2ν′′e−λ})]. (12)
The expression for the Lagrangian density is given as
L(ν, ν′, λ, λ′,G,G′) = e ν+λ2 r2(f − GfG) + 4e ν−λ2 ν′G′fGG − 4e ν−3λ2 ν′G′fGG . (13)
Further, the Euler-Lagrange equations are represented by
∂L
∂qi
− d
dr
(
∂L
∂q′i
) = 0. (14)
For static spherically symmetric spacetime (6) and (13), the Euler-Lagrange equations turn out to be
2e
ν−λ
2 (ν′ − λ′)G′fGG − 2e ν−3λ2 (ν′ − 3λ′)G′fGG + 4e ν−λ2 G′′fGG − 4e ν−3λ2 G′′fGG + 4e ν−λ2 G′2fGGG
−4e ν−3λ2 G′2fGGG − 2e ν−λ2 ν′G′fGG + 2e ν−3λ2 ν′G′fGG − 1
2
e
ν+λ
2 r2(f − GfG) = 0, (15)
6e
ν−3λ
2 ν′G′fGG − 2e ν−λ2 ν′G′fGG + 1
2
e
ν+λ
2 r2(f − GfG) = 0, (16)
2e
ν−λ
2 (ν′ − λ′)ν′fGG − 2e ν−3λ2 (ν′ − 3λ′)ν′fGG + 4e ν−λ2 ν′′fGG − 4e ν−3λ2 ν′′fGG + e ν+λ2 r2GfGG = 0. (17)
The energy function EL = 0 associated with point-like Lagrangian is defined as
EL = Σq′i( ∂L
∂q′i
)− L = 0. (18)
For our case the energy function associated with the Lagrangian (13) leads to
EL = 4e ν−λ2 ν′G′fGG − 4e ν−3λ2 ν′G′fGG − e ν+λ2 r2(f − GfG). (19)
A generator of the form for which the point-like Lagrangian (13) admits Noether symmetries is given by [42]
Z = ξ ∂
∂r
+ ηi
∂
∂qi
. (20)
Here the generalized coordinates qi in the d-dimensional configuration space Q = {qi, i = 1, ...d} of the Lagrangian,
whose tangent space is τQ ≡ {qi, q′i}. It is important to mention here that the components ξ and ηi of the Noether
symmetry generator Z are the functions of r and qi. In our case, ξ ≡ ξ(ν, λ,G) and qi ≡ qi(r, ν, λ,G), i = {1, ..., 3}.
The existence of Noether symmetry is confirmed only if the Lagrangian L(r, qi, q′i) must satisfy invariance condition
and the existence of vector field Z given in (20) expressed in the following form
Z [1]L+ L(Drξ) = DrB, (21)
where Z [1] is called the first prolongation of above generator (20), given by
Z [1] = Z + η′i ∂
∂q′i
, (22)
and
• B(r, qi) is known as Noether gauge term,
• Dr is a total derivative operator, Dr = ∂∂r + q′i ∂∂qi ,
• η′i is defined as η′i = Drηi − q′iDrξ.
The most significant feature known as integral of motion or the conserved quantity comes from the invariance property
of Noether symmetry. The conserved quantity associated to any Noether symmetry generator Z is defined by
I = −ξEL + ηi ∂L
∂q′i
− B. (23)
5A. Determining Equations and Conserved Quantities
The conserved quantities play significant role in constructing new cosmological models and describing the features of
compact stars in modified theories of gravity. Now by taking Lagrangian (13) along Noether symmetry condition (23),
we obtain a set of partial differential equations (PDE’s) known as determining equations by equating the coefficients.
For our case we get a system of 11 PDEs as follows
ξ,ν = 0, ξ,λ= 0, ξ,G = 0, η
1,λ= 0, η
1,r = B,G , (24)
η1,G = 0, η
3,r= B,ν , η3,ν = 0, η3,λ= 0, (25)
1
2
re
ν+λ
2
[
(r(η1 + η2) + 4ξ + 2rξ,r )(f − GfG)− 2Grη3fGG
]
= B,r , (26)
e
ν−3λ
2
[
2
{
2ξ,r −η1 + 3η2 + 2(eλ − 1)η1,ν −2η3,G +eλ(η1 − η2 − 2ξ,r +2η3,G )
}
fGG + 4(e
λ − 1)γfGG
]
= 0. (27)
Further, we solve the system of above PDEs for the proposed model. Now we compute Noether symmetries Z =
ξ ∂
∂r
+ ηi ∂
∂qi
by solving the above system of PDEs. For this purpose, we consider the viable f(G) gravity model i.e.
f(G) = αGn, where f(G) being an analytic function of the Gauss-Bonnet invariant term [12]. Here we particulary
choose n = 2 for the sake of simplicity and two dimensional graphical analysis. Now manipulating Eqs. (24)-(27), we
get
ξ = c1r, η
1 = 6c1, η
2 = 0, η3 = −4Gc1, B = c2. (28)
The Noether symmetry generator turns out to be
Z1 = r ∂
∂r
+ 6
∂
∂ν
− 4G ∂
∂G . (29)
Moreover, using Eq. (23) the integral of motion for above symmetry generator becomes,
I1 = e ν−3λ2 [−G{e2λGr3 + 32(eλ − 1)ν′} − 8(eλ − 1)(rν′ − 10)G′]. (30)
IV. NOETHER’S STAR IN f(G) GRAVITY
It seems very fascinating that the use of Noether symmetries is quite essential to “reduce” dynamics by searching
out the first integrals of motion known as conserved quantities. Moreover, these conserved quantities are linked with
some physical parameters of dynamical system. In nutshell, the resulting system is fully integrable, if the number of
conserved quantities coincides with the dimension of the configuration space. These quantities play an important role
in exploring the different physical features of compact stars. In particular, this technique is successfully applicable to
dynamical systems in axial and spherical symmetry [21, 43]. The solutions at surface boundary of the compact stars
are calculated in such a way the interior metric solution should be smoothly matched with the corresponding exterior
solution. The interior and exterior metric potentials are connected through the following relation
eν(r) = e−λ(r). (31)
For this purpose, we consider the above conserved quantity (30) for finding the metric potentials i.e. ν and λ which
yields fruitful result in finding the physical attributes of the compact stars. Now using the relation (31) in Eq. (30),
we get
I1 = e2ν [−e2νr3G2 + 32(e−ν − 1)ν′G − 8(e−ν − 1)(rν′ − 10)G′]. (32)
One can see that the above Eq. (32) is highly nonlinear differential equation and it does not support any information
to solve this equation analytically. Here we opt numerical technique depending on the computational efficiency and
use some appropriate initial conditions to investigate the physical behavior of metric potentials. Now we solve the
above Eq. (32) numerically with suitable initial conditions.
6A. Boundary Conditions
For the existence of singularities, we examine the physical behavior of both metric potentials eν(r) and eλ(r) at the
center of structure r = 0. The physical viability and stability of the model, metric potentials should be singularity-free,
monotonically increasing and regular inside the compact stellar structure. The graphical behavior of metric potentials
eν and eλ is shown in FIG. 1.
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FIG. 1: The evolution of eν (left panel), eλ (right panel) w.r.t the radial coordinate r
.
It is very clear from the graphical analysis that the metric potentials constructed with the help of integral of motion
are consistent with the above mentioned conditions. Both metric potentials at the center are minimum, then increase
nonlinearly and become maximum at the boundary surface.
Moreover, it is worthwhile to mention here that for well behaved compact stellar objects, the following conditions
should be satisfied in order to contrast the astrophysical observational data.
• The effective energy density must be positive inside the star and also on the surface boundary i.e. ρeff > 0 and
0 ≤ r ≤ R.
• The isotropic pressure must be positive inside the star i.e. peff > 0 and at the surface boundary r = R, the
pressure must be zero i.e peff (r = R) = 0.
• The effective energy density gradient deffρ
dr
must be negative for the range 0 ≤ r ≤ R, i.e. (dρeff
dr
)r=0 = 0 and
(d
2ρeff
dr2
)r=0 < 0.
• The effective pressure gradient dpeff
dr
must be negative for the range 0 ≤ r ≤ R, i.e. (dpeff
dr
)r=0 = 0 and
(d
2peff
dr2
)r=0 < 0. These above two conditions depict that the effective energy density and effective radial
pressure should be decreasing towards the boundary of the surface of the structure.
• The velocity of sound speed must not be exceed the speed of light.
These physical features are significant in describing the structure of compact star.
V. PHYSICAL ASPECTS IN f(G) GRAVITY
The physical attributes of the compact stellar structure in modified f(G) are discussed in the following subsections.
Here we present the physical analysis of the characteristics for the intrinsic region of the star by performing numerical
calculations and graphical survey viz., effective energy density and effective pressure, energy conditions, stability
against equilibrium of the forces and radial sound speed.
A. Evolution of Energy Density and Pressure
The effective energy density and effective pressure inside the stellar structure of star should be maximum at the
center. To verify this, we had plotted the graphs for the range 0 ≤ r ≤ 10 to check the behavior of stellar structures.
7For this range, we get interweaving behavior for the physical features. We have also tried log scale plot to improve
the graphical behavior. But in this case also, the graphical results could not be improved considerably. In fact, we
come to know that favorable results are obtained in small pieces of radii. However, we observe that at center these
features attain maximum value and then instantaneously decrease towards the surface boundary, which is a positive
indication for physically viable results through Noether symmetries. Hence, for clarity we have provided only the
plots for the small range of radii to show the smooth behavior of our stellar structures by using Noether scheme. The
profile of effective energy density and isotropic pressure is shown in FIG. 2.
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FIG. 2: Evolution of effective energy density (left panel), effective isotropic pressure (right panel) w.r.t the radial coordinate r.
It is observed from these graphs that effective energy density and isotropic pressure are finite and positive and show
the monotonically decreasing behavior away from the center to the boundary of the star. This fact confirms the high
compactness nature at the core of compact stellar object. Moreover, we notice that at the center of the star dρ
eff
dr
= 0,
d2ρeff
dr2
< 0 and
dpeffr
dr
= 0,
d2peffr
dr2
< 0, which depicts the dense nature of the star. Here we can observe that the stellar
structures in f(G) gravity from Noether symmetry approach heavily depend on the conserved quantity obtained.
B. Energy Conditions
For the presence of realistic matter distribution and physically adequate fluid configuration, the role of energy
conditions is very important. Moreover, energy conditions are assumed quite helpful to identify the normal and
exotic nature of matter inside the compact stellar structure. These energy conditions are categorized into null energy
conditions (NEC), weak energy conditions (WEC), strong energy conditions (SEC) and dominant energy conditions
(DEC), expressed as
(NEC) : ρeff + peff ≥ 0,
(WEC) : ρeff ≥ 0, ρeff + peff ≥ 0, ,
(SEC) : ρeff + peff ≥ 0, ρeff + 3peff ≥ 0,
(DEC) : ρeff > |peff |. (33)
For the physical viability of stellar structure, the matter density should be positive and finite throughout the star and
also have maximum value at the center. Here we also face the same interweaving behavior in the plots as discussed
earlier. So, the graphical behavior of energy conditions for different values of model parameter is also given in FIG. 3
for small range of radii. The graphical representation as shown in FIG. 3 clearly depicts that the above inequalities
hold at every point inside the star, which shows that our chosen f(G) model is stable and consistent.
8α =200
α =300
α =400
α =500
α =600
0.2200 0.2205 0.2210 0.2215 0.2220 0.2225
0
110
8
210
8
310
8
410
8
510
8
610
8
r
ρ
e
ff
α =200
α 300
α 400
α 500
α 600
0.2200 0.2205 0.2210 0.2215 0.2220 0.2225
0
1×108
2×108
3×108
4×108
5×108
6×108
r
ρ
e
ff
+
P
e
ff
α 200
α 300
α 400
α 500
α 600
0.2200 0.2205 0.2210 0.2215 0.2220 0.2225
0
1×108
2×108
3×108
4×108
5×108
6×108
r

e
ff
-
P
e
ff
α =200
α =300
α =400
α =500
α =600
0.2200 0.2205 0.2210 0.2215 0.2220 0.2225
0
1×108
2×108
3×108
4×108
5×108
6×108
7×108
r
ff
e
ff
+
3
P
e
ff
FIG. 3: Variation of energy conditions under viable f(G) gravity model.
C. The Modified TOV Equation for f(G) Gravity
The conservation equation of motion for our stellar system is given by
▽µ T effµν = 0. (34)
Here, in this section we study the equilibrium condition of the stellar structure model. For this purpose we consider
the modified form of TOV equation for an isotropic matter distribution, defined as
− dp
eff
dr
− ν
′
2
(ρeff + peff ) = 0. (35)
For the physical viability of model, the equilibrium condition of compact configuration was proposed by Tolman [44],
later on Oppenheimer and Volkoff [45] in such a way that sum of the forces viz., gravitational force (Fg), hydrostatic
force (Fh) should be zero.
Fg + Fh = 0, (36)
where Fg = − ν ′2 (ρeff + peff ), Fh = − dp
eff
dr
. Here we also obtain fluctuating behavior if we plot for the full range of
radius. This issue is due to the only conserved quantity obtained in our case. Further, it is observed that these forces
balance out each other effect for the smaller range of radii, which justify the condition of equilibrium for our stellar
system. Hence, the behavior of forces (Fg) and (Fh) is presented in FIG. 4, with one such small range. The graphical
representation of these forces for different values of model parameter is shown in FIG. 4, which clearly depicts that
our system is in static equilibrium under the given forces.
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FIG. 4: Behavior of hydrostatic force (Fh) and gravitational force (Fg) under viable f(G) gravity model.
D. Stability Analysis
Moreover, to examine physical acceptable and consistent model the role of stability for stellar structure has great
significance. In recent years, stability analysis has been discussed by many researchers. To probe the stability of our
proposed model, we consider the Herrera’s cracking concept [46]. According to cracking concept, the square of sound
speed symbolized by v2s should satisfy the following stability condition i.e. 0 ≤ v2s ≤ 1. The sound speed is defined by
the following relation.
v2s =
dpeff
dρeff
. (37)
To preserve causality condition, the sound speed must lie in interval [0, 1] everywhere inside the star for a physically
stable stellar system. The variation of sound speed for the small range of radii can be easily seen from the FIG. 5.
Here, we observe that matter configuration relation is stable, as discussed.
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FIG. 5: Variation of v2s under viable f(G) gravity model.
VI. CONCLUDING REMARKS
Noether symmetry approach is considered to be a fundamental tool for solving dynamical equations. Moreover,
their existence yields feasible conditions so that one may choose physically and analytically acceptable universe
models according to the recent observations. Lagrange multipliers perform pivotal role to reduce the Lagrangian
into its canonical form which is quite helpful to reduce the dynamics of the system for finding the exact solutions.
The main aim of this paper is to investigate the physical characteristics of compact star by exploiting the so-called
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Noether symmetry approach. For this purpose, we consider the spherically symmetric spacetime and the functional
form of modified f(G) gravity in the context of isotropic matter distribution. We have derived the equation of motion
and also constructed the expression for point-like Lagrangian in the frame of modified f(G) gravity. Further, Noether
symmetry generators along with associated conserved quantities have been computed by considering the power
law model i.e. f(G) = αGn with specific choice n = 2. Here, we can notice that Noether symmetry of spherically
symmetric spacetime in modified f(G) gravity provide a rather handy conserved quantity. The existence of conserved
quantity play a phenomenal role in describing the structure of compact star. For our case, the obtained conserved
quantity is a highly nonlinear differential equation and it does not support any information to solve this equation
analytically. To our best of knowledge, this is the first effort to use conservation relation obtained from the classical
Noether approach, by imposing some specific initial conditions to develop the expression for the metric potentials
in the context of f(G) gravity to discuss compact stellar structures. The distinct major findings of present study
provide physical justification, which are interpreted by the following properties related to these isotropic compact
stars as follows:
• The variation of metric potentials eν and eλ with respect to the radial coordinate r is shown in FIG. 1. The
behavior of both metric potentials have minimum value at the center of star and then increase monotonically
away from the center to surface. For a physical viability and stability of the suggested models, metric potentials
should be positive, finite and free from the geometrical singularities. FIG. 1 clearly depicts that our metric
potentials are consistent and stable.
• The effective energy density and pressure inside the stellar structure of star should be maximum at the center.
We could not obtain clear plots for the full range 0 ≤ r ≤ 10. In fact, we come to know that favorable results are
obtained in small pieces of radii. However, we observe that at center these features attain maximum value and
then instantaneously decrease towards the surface boundary, which is a positive indication for physically viable
results through Noether symmetries. Hence, for clarity we have provided only the plots for the small range of
radii to show the smooth behavior of our stellar structures by using Noether scheme. It is clear from the FIG.
2 that effective energy density and pressure attain maximum value and show continuously decreasing behavior
when moving towards the boundary of the star.
• It can be seen from the FIG. 3 that all energy bounds for our proposed model is well satisfied which exhibit the
realistic matter content.
• To check that whether all forces namely, gravitational force (Fg) and hydrostatic force (Fh) are in equilibrium
for our proposed model, we studied TOV equation in modified f(G) gravity frame of reference. FIG. 4 yields
that the forces are in equilibrium, which guarantee the stability of our system.
• The speed of sound for compact star is denoted by v2s . From the FIG. 5, it can be easily seen that our model is
consistent with the causality condition.
Conclusively, we observe that the stellar structures in f(G) gravity from Noether symmetry approach depend on
the conserved quantity obtained and the model parameter α. For the present analysis, we have chosen possible
value of the model parameter α. However, one can try some other f(G) gravity models with the same approach
with a hope to get more conserved quantities which might give some better physical results. As a final comment,
we have successfully developed a stable and physically acceptable isotropic model via Noether symmetry approach in
the context of modified f(G) gravity. Here, we observe that all physical features of compact stellar structure follow
physically accepted patterns, but with some restricted range of radii.
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